This paper describes an empirically derived algorithm to compensate for charge trapping in CdTe, CdZnTe, and other planar semiconductor detectors. The method is demonstrated to be an improvement over available systems, and application to experimental data is shown.
I. INTRODUCTION
Small CdTe and CdZnTe detectors are used for gamma-ray spectroscopy in high-activity environments where space is limited, cooling is inconvenient, and a rugged detector is desirable.
Internal charges are often trapped within these high-Z semiconductor detectors following a gamma-ray interaction. This results in an event pulse with an amplitude smaller than those for events that occur without charge trapping. The overall result is severe photopeak tailing in the gamma-ray energy spectrum.
The event pulse risetime can be used as a measure of the charge trapping that occurs within the detector. An event with Pulse shape discrimination (PSD) is a technique in which only those pulses that lie within a narrow range of risetimes are accepted for counting. It has been shown that the resulting spectrum has greatly improved resolution at the expense of rejecting a large fraction of the events[l-31. Fig. 1 depicts the electronic configuration of a PSD system. By narrowing the acceptaace window, spectral resolution can be improved at the cost of rejecting a larger portion of the pulses. Any narrow region of the risetime distribution' selected for counting results in a gamma-ray spectrum with distinct photopeaks. Fig. 4 shows gamma-ray photopeaks from the different risetime regions indicated in Fig. 2 .
Pulses that are selected from longer risetimes are shifted to lower channels due to increased charge trapping. Acceptance regions at longer risetimes also produce photopeaks of relatively lower intensity. This can be seen in Fig. 4 with the region 1 photopeak area over five times those from regions 2-4. A numerical PRC method was developed experimentally from gamxm-ray sources illunlinating a 2x2~2" CdTe detector using the PSD instrumentation depicted in Fig. 1 .
Spectral data from CO@ and Ram sources were acquired in a manner similar to the development of Fig. 4 . These data were correlated for pulse risetime versus resulting photopeak centroid for the some of the major photopeaks. As shown in Hanford Company [ 1, 7] . The instrument effectively multiplies the pulse amplitude by a function of the risetime squared. The method is sometimes combined with a PSD system to reject some of the longer rising pulses. Gamma-ray spectra taken with the instrument are a large improvement over an uncompensated spectrum, even though ideally shaped gaussian photopeaks are not obtained. Some photopeak tailing is still observed, and it is believed that these shortcomings arise because the instrument was designed for coaxial detectors, not planar detectors.
Other commercially available electronic modules have been developed for planar semiconductor detectors that produce an output pulse that is a function of both the input pulse risetime and amplitude. Unfortunately, application experience with these instrument modules was not successful.
A more accurate method to compensate for charge trapping is presented below. The developed algorithm compensates all pulses to a hypothetical zero risetime corresponding to zero charge trapping. 
is the incident gamma-ray energy. where A and B are combination constants.
The combination of equations (1) and (5) The ideal output pulse, E, in Fig. 5 , is also related to the energy of the incident gamma-ray, Ethrough the energy calibration of the system. Fig. 7 is a plot of gamma-ray energy versus E,. 
Re-arranging and solving for E, yields:
Equation (7) represents an algorithm for which pulses originating from planar semiconductor detectors may be adjusted on the basis of both their amplitude and risetime. The pulses are corrected for the effects due to charge trapping, resulting in significantly improved spectral quality.
For example, the detector depicted in Figs. 5-7 has constants with the values: A = -8.807E-04; and B = 6.25E-03. Thus, if a single pulse has an amplitude of Eh = channel 346 and with a risetime of Tdcc = channel 80, then the overall corrected pulse would have a value of channel 371.7.
In summary, a corrected gamma-ray energy, E, , can be determined using the detector pulse amplitude, & pulse risetime, TA, and two empirically determined constants, A and B. These empirical constants are detector specific and independent of gamma-ray energy.
nI. PRC METHOD VALIDATION AND RESULTS
To support the validity of the model, spectra from additional gamma-ray sources were acquired repetitively. Using the described PSD system, a narrow window of risetimes was accepted for counting in each spectrum. The window was moved across the entire risetime spectrum. Each successive gamma-ray energy spectrum came from a successively longer risetime. A simple sum of all spectra would be equivalent to a single spectrum that was derived from all risetimes. Spectral data was manipulated in a spreadsheet using the described model to generate a PRC-enhanced spectra. The effect of this process is shown in Fig. 8 for a 13'Cs source. Only the longest rising pulses (less than 5%) were rejected and not analyzed in order to improve the spectral quality.
Spectra for a '=Eu source were also acquired and manipulated in the same manner. Fig. 9 is the resulting spectrum showing the model was successful at improving spectral photopeaks over a large range of energies. The slight amount of low energy tailing that remains may be due to the large width of the risetime window that was used in acquiring the individual spectra that comprise the overall summary spectrum. 
IV. CONCLUSIONS
In summary, a new PRC algorithm has been developed to compensate for charge trapping in planar semiconductor detectors, Equation (7). The corrected gamma-ray energy, E, , can be determiad with the detector pulse amplitude, E, pulse risetime, T , , and two empirically determined constants, A and B. detector and valid over the entire spectral range.
It has been shown that PRC can approach PSD in spectral resolution without discarding the majority of the pulses. PRC can be performed in real time with analog electronic modules or after data collection. No electronic modules using the PRC method discussed in this paper are presently available. However, development of a system using the PRC algorithm described herein would allow relatively high resolution spectra to be efficiently collected 
